We report ∼ 2 ′′ resolution Atacama Large Millimeter/submillimeter Array observations of the HCN (1-0), HCO + (1-0), CO (1-0), CO (2-1), and CO (3-2) lines towards the nearby merging double-nucleus galaxy NGC 3256. We find that the high density gas outflow traced in HCN (1-0) and HCO + (1-0) emission is co-located with the diffuse molecular outflow emanating from the southern nucleus, where a low-luminosity active galactic nucleus (AGN) is believed to be the dominant source of the far-infrared luminosity. On the other hand, the same lines were undetected in the outflow region associated with the northern nucleus, whose primary heating source is likely related to starburst activity without obvious signs of AGN. Both HCO + (1-0)/CO (1-0) line ratio (i.e. dense gas fraction) and the CO (3-2)/CO (1-0) line ratio are larger in the southern outflow (0.20±0.04 and 1.3±0.2, respectively) than in the southern nucleus (0.08±0.01, 0.7±0.1, respectively). By investigating these line ratios for each velocity component in the southern outflow, we find that the dense gas fraction increases and the CO (3-2)/CO (1-0) line ratio decreases towards the largest velocity offset. This suggests the existence of a two-phase (diffuse and clumpy) outflow. One possible scenario to produce such a two-phase outflow is an interaction between the jet and the interstellar medium, which possibly triggers shocks and/or star formation associated with the outflow.
1. INTRODUCTION 1.1. Galactic-scale molecular gas outflow Active galactic nucleus (AGN) and supernovae feedback both play an important role in the galaxy evolution scenario (e.g., Springel et al. 2005) . The feedback occurs in the form of galactic scale outflows which can remove the material for future star formation by expelling gas from the nuclear region and/or heating the interstellar gas to high temperatures in the halo ("negative feedback"). In contrast, recent optical spectroscopic observations have found the evidence of star formation in the outflow (Maiolino et al. 2017) , suggesting that outflows can not only regulate star formation in the disk but simultaneously enhance the formation of new massive stars ("positive feedback"). Numerical simulations suggest the formation of dense molecular gas clumps in the outflow by the interactions between the jet and the impinging interstellar medium (ISM) (e.g., Zubovas & King 2014; Costa et al. 2015; Ferrara & Scannapieco 2016; Zubovas & Bourne 2017) , leading to the formation of new massive stars (e.g., Dugan et al. 2014; Wagner et al. 2016) . While outflowing molecular clouds may be destroyed before they reach high velocities, it is shown that molecular clouds are continuously formed inside the outflow (Richings & Faucher-Giguère 2018) . Therefore, in both positive and negative feedback scenarios, the molecular outflow plays an important role in galaxy evolution.
Large collections of both supernova explosions and massive stellar winds as well as radiation and jets emanating from AGNs can be the sources of galactic scale molecular outflows (e.g., Veilleux et al. 2005; Fabian et al. 2009; Faucher-Giguère & Quataert 2012; Zubovas & King 2012) . Since both starbursts and AGNs can be triggered during mergers (e.g., Hopkins et al. 2006; Narayanan et al. 2008; Debuhr et al. 2012; Hayward et al. 2014; Michiyama et al. 2016) , nearby merging galaxies are ideal laboratories to observationally investigate these phenomena (e.g., Feruglio et al. 2010; Cicone et al. 2014; Fiore et al. 2017; Pereira-Santaella et al. 2018 ). Molecular outflows have been detected in several merging galaxies, such as Mrk 231 (Feruglio et al. 2010; Cicone et al. 2012; González-Alfonso et al. 2014; Aalto et al. 2015; Feruglio et al. 2015; Lindberg et al. 2016) , NGC 6240 (Feruglio et al. 2013a,b; Saito et al. 2018; Cicone et al. 2018) , Arp 220 (Sakamoto et al. 2009; Barcos-Muñoz et al. 2017) , and NGC 1614 (García-Burillo et al. 2015; Saito et al. 2016) .
Up to the present, most of the molecular outflow studies have focused on the CO emission. While CO can be an excellent tracer of the diffuse and extended gas in the outflow, it does not trace the densest parts of the molecular clouds where star formation occurs. A multiline observation is necessary to investigate the densest parts and to derive the physical properties of the outflow (e.g., Aalto et al. 2012 Aalto et al. , 2015 . HCN and HCO + are often used as dense gas tracers since their critical densities are roughly three orders of magnitude higher than CO for a given J. However, the flux of HCN and HCO + are generally more than ten times weaker than CO (e.g., Papadopoulos 2007; Walter et al. 2017) . The Atacama Large Millimeter/submillimeter Array (ALMA) provides high enough sensitivity to map the extreme velocity components of faint lines.
A case study: NGC 3256
NGC 3256 is a merging luminous infrared galaxy (LIRG) with a far infrared (FIR) luminosity of L FIR = 10 11.43 L ⊙ , and the luminosity distance of D L = 35 Mpc (Sanders et al. 2003) . This galaxy has two nuclei separated by 5 ′′ (∼ 850 pc). NGC 3256 is closer than the well studied merging ULIRGs; Arp 220 (D L = 70 Mpc) and NGC 6240 (D L = 100 Mpc). Sakamoto et al. (2014) found extreme velocity components of CO (1-0) and CO (3-2) around the two nuclei and they interpret the components as outflows of cold gas from both the northern and southern nuclei. The characteristics of each outflow are summarized as follows; [Northern outflow] Ohyama et al. (2015) argue that the northern galaxy (NGC 3256N) is a starburst galaxy. Sakamoto et al. (2014) suggest the presence of an uncollimated bipolar outflow from the northern nucleus with the maximum outflow velocity of ∼ 750 km s −1 and outflow mass of ∼ 6 × 10 7 M ⊙ (hereafter "northern outflow"). They conclude that the northern outflow can be driven by the starburst around the northern nucleus.
[Southern outflow] Unlike the northern nucleus, Ohyama et al. (2015) show that the IRAC color and silicate absorption feature are AGN-like at the nucleus of southern galaxy (NGC 3256S). X-ray observations show absorptioncorrected AGN luminosity in the 2-10 keV band of (1.2 − 2.9)×10 40 erg s −1 (Ohyama et al. 2015; Lehmer et al. 2015) , which is in the range for lowluminosity AGN. Sakamoto et al. (2014) suggest the presence of a collimated bipolar CO outflow from the southern nucleus with the maximum outflow velocity of ∼ 2600 km s −1 and outflow mass of ∼ 2.5 × 10 7 M ⊙ (hereafter "southern outflow") associated with the radio jet detected by the Very Large Array (Neff et al. 2003) , which is possibly triggered by a weak or recently dimmed AGN in the southern nucleus. A broad near infrared (near-IR) H 2 emission line is detected from the southern outflow (Emonts et al. 2014) , suggesting that the outflowing gas is heated to ∼ 2000 K by shocks or X-rays. This is possibly due to the interaction between the southern jet and the ISM. In addition, the optical IFU observations show that the shock is enhanced in NGC 3256 (Rich et al. 2011) , and ALMA line survey observation suggests the presence of shock enhancement by an outflow (Harada et al. 2018) .
NGC 3256 is an ideal laboratory to compare the properties of two different types of outflows, AGN driven and starburst driven. In order to quantify the physical properties of the outflowing gas in NGC 3256, observations of the outflow in different molecules and transitions are necessary. The main motivation of this work is to identify the dense gas in the molecular gas outflows in NGC 3256, and to investigate how the outflows impact the surrounding ISM. We present the ALMA Cycle 3 observations of HCN (1-0), HCO + (1-0), and CO (2-1) emission towards NGC 3256. We compare the intensity and spatial distribution of dense gas outflows with the previously detected CO outflows. Furthermore, we estimate the physical properties of outflows under the assumption of non local thermodynamic equilibrium (non-LTE) by using Bayesian likelihood statistical analysis.
The ALMA imaging results are presented in Section 2. We identify outflows in Section 3.1. Section 4 presents the RADEX modeling and Bayesian likelihood analysis. Properties of the northern and southern outflows are discussed in Section 5. We summarize our results in Section 6. Here, the line ratios (in unit of brightness temperature) are defined by the symbol "R" as follows; R 21/10 = CO (2-1) / CO (1-0), R 32/10 = CO (3-2) / CO (1-0), R HCN/CO = HCN (1-0) / CO (1-0), R HCO + /CO = HCO + (1-0) / CO (1-0), and R HCN/HCO + = HCN (1-0) / HCO + (1-0). We adopt H 0 = 73 km s −1 Mpc −1 , Ω M = 0.27, and Ω Λ = 0.73 for all of the analysis throughout this paper.
ALMA DATA
The HCN (1-0) and HCO + (1-0) observations towards NGC 3256 were carried out on 2016, March 7 and 8 using 45 twelve meter antennas with the Band 3 receiver (ALMA Project ID: 2015.1.00993.S). The range of unprojected baseline length is from 15 m to 460 m. The system temperature varied from 40 K to 100 K, and the total observation time is ∼ two hours including overhead for calibration (the on source time is ∼ 33 minutes). We used the calibrated visibility data, and subtracted the continuum by using the uvcontsub task in CASA (McMullin et al. 2007 Figures) as the peaks of the radio emission (Neff et al. 2003) . We made beam-matched (2.
′′ 1 ∼ 360 pc) and uv-clipped (> 18 kλ) images so that their largest angular scales are consistent with those of the archival CO data. The absolute flux density is calibrated using Ganymede, and the nominal calibration error is 5%. The long term flux variation of the bandpass calibrator is 6 %. Hence, we adopt 10 % as a conservative overall photometric error. In addition, we use the archival CO (2-1) data that was obtained during Cycle 3 (ALMA Project ID: 2015.1.00714.S). We made beam-matched and uv-clipped images by using clean task in CASA (version 4.7.0, Briggs weighting, robust = 0.5) with automatically masking loop. Channel maps are shown in The main goals of this paper are to investigate the properties of the molecular outflows using dense gas tracers and to derive the physical parameters from multi-line analysis. As a first step, we use the HCN (1-0) and HCO + (1-0) maps to identify the emission associated with outflow. In general, the kinematics of the outflowing gas should be distinct from the systematic rotation of the galaxy. Therefore, a natural simplification method to isolate the gas associated with the outflow is to extract the emission at the extreme (i.e. largest and smallest) velocities in the channel map. We define the emission in v = [240, 360] • 54 ′ 17. ′′ 85. The black contours are at nσ (n = 3, 9, 27, 81 and σ = 0.2 mJy beam −1 ). The stars, circles, and a triangle are corresponding to the coordinates shown in Table 1 . The stars represent the positions of the northern and southern nuclei. The blue circle and triangle are the positions of the blue-shifted components, and the red circle is the positions of red-shifted components identified in section 3.1. We obtain the blue and red wing maps by integrating the emission in the velocity range [-360,-180] • 54 ′ 17. ′′ 85. The black contours are at nσ(n = 3, 9, 27, 81 and σ = 0.2 mJy beam −1 ). The stars, circles, and a triangle are corresponding to the coordinates shown in Table 1 . The stars represent the positions of the northern and southern nuclei. The blue circle and triangle are the positions of the blue-shifted components, and the red circle is the positions of red-shifted components identified in section 3.1. We obtain the blue and red wing maps by integrating the emission in the velocity range [-360,-180] red-and blue-shifted emission, respectively. In addition, we integrate the same velocity range of the CO (1-0), CO (2-1), and CO (3-2) emission line ( Figure 3 bottom).
We define the blue-shifted component which is located at south of South-Nucleus as "South-OF-Blue", and the red-shifted component which is located between Northand South-Nucleus as "OF-Red". Furthermore, we define the peak of the blue-shifted CO (1-0) emission located ∼2.
′′ 4 north-west of the North-Nucleus as "North-OF-Blue". The coordinates of North-OF-Blue, NorthNucleus, OF-Red, South-Nucleus and South-OF-Blue are shown in Table 1 . The three outflow components identified here support the existence of two bi-polar outflows (Sakamoto et al. 2014) , and a schematic is shown in Figure 3 (upper right). We use the term "northern outflow" to refer to the outflows from the northern nucleus, and "southern outflow" from the southern nucleus.
There are several key differences between the distribution of dense gas tracers (i.e. HCN (1-0) and HCO + (1-0)) and the relatively diffuse gas traced in the CO lines. The clear difference is that the dense gas tracers are only detected at OF-Red and South-OF-Blue, whereas they are undetected at North-OF-Blue to a sensitivity of 0.02 Jy beam −1 km s −1 (Figure 3 ). We find that the CO (1-0) fluxes in Figure 3 are 5.3, 1.9 and 2.2 Jy km s −1 for red-shifted emission around OF-Red, blue-shifted emission around North-OF-Blue, and blue-shifted emission around South-OF-Blue, respectively.
2 The CO (1-0) flux at OF-Red is likely intermixed with the outflow gas from both the northern and southern nuclei, and disentangling the exact fractional contribution is nontrivial. For simplicity, we assume that the flux ratio between the two blue shifted components (at North-OFBlue and South-OF-Blue) is the fractional contribution of the southern outflow at OF-Red, which means that 2 We note that the CO (1-0) fluxes in Sakamoto et al. (2014) are 8.9, 3.2, and 1.2 Jy km s −1 for red-shifted emission around OF-Red, blue-shifted emission around North-OF-Blue, and blueshifted emission around South-OF-Blue, respectively. These values are different from our measurements. The difference between our CO (1-0) image and that of Sakamoto et al. (2014) is the uv-coverage, imaging parameters, and integrated velocity range. For OF-Red and North-OF-Blue, the fluxes measured in Sakamoto et al. (2014) are larger than our measurements. Since the data set used in Sakamoto et al. (2014) has compact uv-coverage than ours, these differences are due to spatially extended northern outflow. For South-OF-Blue, the flux measured in Sakamoto et al. (2014) is smaller than our measurements. This is due to the integrated velocity range. When we use the velocity range of [-360,-240] for the blue-shifted components, the CO (1-0) flux is ∼ 1.1 Jy km s −1 , and our measurement is consistent with Sakamoto et al. (2014) .
the CO (1-0) line flux associated with the southern outflow is ∼ 5 Jy km s −1 .
Outflow Properties
We derive the dense gas mass (M dense ) and molecular gas mass (M mol ) associated with the outflows, assuming the luminosity to mass conversion factor α HCN and
(1)
where L HCN(1−0) and L CO(1−0) are the luminosities of the outflow derived from the line flux derived in 3.1. The systematic error is estimated using the range of commonly adopted conversion factors; α HCN = [0.24, 10.0] and α CO = [0.8, 4.6] (Bolatto et al. 2013; Barcos-Muñoz et al. 2017) . We estimate the age (Age), outflow rate (Ṁ ), and kinetic energy (P kin,OF ) from the following equations.
where the V OF is the representative velocity of the southern outflow, l OF is the distance from the nucleus to the outflow. The representative velocity of the southern outflow is derived from the central value of the integrated range of blue-shifted components (Figure 1) , which corresponds to the de-projected outflow velocity (V OF ) of ∼ 1600 km s −1 3 assuming an inclination of 80 Sakamoto et al. 2014) . The distances from the nucleus to the outflow (l OF ) are measured using the coordinates shown in Table 1 . The results are shown in Table 2 . In addition, in order to investigate whether supernovae explosions can explain these outflow, we calculate the kinetic power injected by supernovae, by using the relationship derived by Veilleux et al. (2005) ;
Blue [-360,-180] (3, 6, 9, 12, 15, 18, 21) (3, 9, 27, 54, 81) [Jy beam −1 km s −1 ] for CO (2-1), and 0.2× (3, 9, 18, 27, 36, 54) [Jy beam −1 km s −1 ] for CO (3-2). At top right panel, we show the schematic view of the outflows. These outflows are predicted by Sakamoto et al. (2014) based on CO observations. There are two bi-polar outflows (northern outflow and southern outflow), and we assume that red-and blue-shifted extreme velocity components of HCN (1-0) and HCO + (1-0) is associated with southern outflow.
We adopt SFR of ∼ 6 M ⊙ yr −1 4 for the ∼ 3. ′′ 0 region around the southern nucleus, which is derived from infrared SED fitting (Lira et al. 2008) .
We find that P kin,OF /P kin,SF is > 20% and > 100% using M dense and M mol , respectively. For both cases, the P kin,OF /P kin,SF is larger than the nominal ratio for pure starburst driven outflow (∼ 1%: Cicone et al. (2014) ; Pereira-Santaella et al. (2018)), suggesting that another source of energy such as an AGN is needed to account for the observed high value of P kin,OF . This is consistent with the earlier claim based on CO outflow parameters and geometry by Sakamoto et al. (2014) that the southern outflow is most likely entrained by a radio jet from a weak or recently dimmed AGN in the southern nucleus.
Line Ratio
The line flux associated with outflow must be quantified in a consistent manner before the line ratios are evaluated. For the two nuclei, we integrate the emission in all of the channels where the emission is detected with signal to noise ratio of > 3, whereas we integrate only the extreme velocity channels defined in Section 3.1 (Figure 3) for the outflows. For the latter, the velocity-integrated intensities for each line may not include the entire outflowing gas, since it excludes the channels closer to the systemic velocity which may contain the gas entrained in the outflow at lower velocity. Nonetheless, the line ratios of two lines derived from the extreme velocity is a good representation of the physical condition in the gas associated with the outflow. In the case of non-detection, we use the three sigma upper limit.
We show the results in Table 3 . Finally we calculate the line ratios, R 21/10 , R 32/10 , R HCN/CO , R HCO + /CO , and R HCN/HCO + (Table 4 ). The R HCO + /CO (i.e. dense gas fraction) and the R 32/10 are both larger in the southern outflow (0.20±0.04 and 1.3±0.2, respectively) than in the southern nucleus (0.08±0.01, 0.7±0.1, respectively). This trend is not seen in the case of the northern outflow.
RADIATIVE TRANSFER MODELING

RADEX and Bayesian analysis
The physical properties (e.g., temperature and density) of the outflow can be substantially different from the conditions seen in the ambient ISM. Thefore, a radiative transfer treatment is necessary to investigate the physical properties. We use the non local thermo-dynamic equilibrium (non-LTE) radiative transfer code RADEX (van der Tak et al. 2007 ) to estimate the physical properties from the measured fluxes of CO (1-0), CO (2-1), CO (3-2), HCN (1-0), and HCO + (1-0) for NorthNucleus, South-Nucleus, and South-OF-Blue. We assume a background temperature of T bg = 2.73 K. We adopt a line width of 150 km s −1 (full width half maximum, FWHM) as a typical value since the FWHM of CO (2-1) emission at North-Nuclei and South-Nuclei are 160 and 112 km s −1 , respectively. We adopt the CO and H 2 abundance ratio of [CO/H 2 ] =1.0 × 10 −4 assuming 15 % of C is in the form of CO with a cosmic value of (C/H)= 3 × 10 −4 (Omont 2007) . We assume the same FWHM = 150 km s −1 between the outflow and nuclei. In order to check how the value of FWHM affects the results, we conducted the same calculation assuming 300 km s −1 and 50 km s −1 . We find that the results are consistent to within one sigma range. Under these assumptions, we can estimate the expected line intensities from the kinetic temperature (T kin ), H 2 volume density (n H2 ), CO column density (N CO ), beam filling factor (FF), and the abundance ratio (N HCN /N CO and N + HCO /N CO ) using RADEX. We search the best parameters within a range of T kin = 5 − 6300 K, n H2 = 10 1 − 10 7 cm −3 , N CO = 10 12 − 10 22 cm −2 , F F = 10 −5 − 10 0 , N HCN /N CO =10 −7 − 10 −3 , and N HCO + /N CO =10 −7 − 10 −3 . In order to constrain the free parameters (T kin , n H2 , N H2 , F F , N HCN /N CO and N + HCO /N CO ), we conducted Bayesian likelihood statistical analysis, following the method described in Kamenetzky et al. (2012) . We use the diameter of the photometric beam size (∼ 400 pc ∼ 2.1 ′′ ) as the upper limit to the length of the column. Similarly, we use the virial mass (M dyn = 1040 R σ v 2 ; FWHM = 2.35σ v , R ∼200 pc) (Wilson & Scoville 1990) as the upper limit to the total mass.
Results
We show the results of the Bayesian likelihood statistical analysis in Table 5 , and the relative probability function for the free parameters (n H2 , T kin , N CO , F F , N HCN /N CO and N + HCO /N CO ) at South-Nucleus (black) and South-OF-Blue (blue) in Figure 4 . Except for the N CO and F F , the difference between South-OF-Blue and South-Nucleus are smaller than one sigma range 5 . (Table 5) , and therefore the apparent offset in the peaks seen in Figure 4 is mostly insignificant. The critical issue of this modeling is that four lines are used as input parameters to estimate five parameters, resulting in the Note-The line fluxes are measured at inner 2. ′′ 1 region in Figure 3 for the extreme velocity components. broad probability functions. In addition, the assumption of a single phase ISM is not appropriate, if the ISM is composed of multiple phases (e.g., warm and cold). Sliwa et al. (2014) and Saito et al. (2015) performed similar analyses using RADEX to investigate spatially resolved physical properties of the merging galaxies, NGC 1614 and VV 114. Sliwa et al. (2014) show that the cold molecular gas component (< 100 K) is dominant in NGC 1614. In contrast, our estimated one sigma range of T kin is warmer than 100 K. While our one sigma range is larger than those derived by Sliwa et al. (2014) and Saito et al. (2015) , South-OF-blue shows warmer T kin and smaller N CO than every region in NGC 1614. In order to estimate the physical properties at a higher accuracy, optically thin lines such as 13 CO and/or high-J lines are essential (Sliwa et al. 2014; Saito et al. 2015) . While there are some uncertainties, this analysis is an important first step to quantify the physical properties of extra-galactic molecular outflow.
DISCUSSION
The diffuse gas traced in the commonly observed CO line allows us to study the overall properties of the gas outflow such as the mass and kinematics. As shown in this study, a multi-line analysis including the dense gas tracers allows us to derive important new information pertaining to the physical and chemical properties of the outflow. Assuming that the HCN and HCO + are collisionally excited, the R HCN/CO and R HCO + /CO trace the dense gas fraction (e.g., Gao & Solomon 2004; Lada et al. 2012; Bigiel et al. 2015; Jiménez-Donaire et al. 2017 ). Although we interpret these ratios as dense gas fraction, we note that the HCN and HCO + emission can be enhanced due to turbulence (e.g., Krumholz & McKee 2005; Usero et al. 2015) . In the following, we compare the ratios (R HCN/CO , R HCO + /CO , R 21/10 , and R 32/10 ) between the nucleus and outflow components for both the northern and southern galaxy, and investigate them in the context of the nuclear activity. We discuss each outflow component (i.e. South-OF-Blue, North-OF-Blue, OF-Red) separately in the following subsections.
South-OF-Blue
Dense gas traced in both HCN (1-0) and HCO + (1-0) are clearly detected at South-OF-Blue (Figure 3) . We find that the dense gas fraction traced in R HCO + /CO at the South-OF-Blue (R HCO + /CO = 0.20 ± 0.04) is larger than the South-Nucleus (R HCO + /CO = 0.08±0.01) by at least a factor of ∼ 2 (Table 4 and Figure 5 ). The same trend is also seen in R HCN/CO . In addition, we find that R 21/10 = 1.2 ± 0.2 and R 32/10 = 1.3 ± 0.2 at South-OFBlue is larger than at South-Nucleus (R 21/10 = 0.9 ± 0.1 Figure 4 . The results of RADEX modeling. We show the probability functions for each parameter measured by CO, HCN, and HCO + flux. The black lines show the relative probability function for each parameter at South-Nucleus. The blue lines show the relative probability function for each parameter at South-OF-Blue.
and R 32/10 = 0.7 ± 0.1) by a factor of ∼ 2. These results suggest larger dense gas fraction and higher excitation condition in the South-OF-Blue than in the SouthNucleus. While the one sigma range is large, the higher T kin and n H2 (Figure 4 ) in South-OF-Blue compared to South-Nucleus further support the notion that the physical conditions of the ISM are significantly altered due to the energy input from the powerful outflow.
In order to further characterize the variation in the line ratio as a function of velocity, we derive the same line ratios using the channel map presented in Figure  A -4 and A-5. Figure 6 shows the line ratios plotted against the absolute value of velocity offset at OF-Red and South-OF-Blue. At South-OF-Blue, we find that Note-The ranges are estimated by the one sigma range in the same manner as Kamenetzky et al. (2012) . Table 4 . the dense gas fraction increases towards the largest velocity offset (e.g., R HCN/CO = 0.22±0.03 at -240 km s −1 and 0.32 ± 0.05 at -300 km s −1 )( Figure 6 ). In contrast, the R 32/10 and R 21/10 decrease towards the largest velocity offset (e.g., R 32/10 = 2.3 ± 0.2 at -240 km s −1 and 1.4 ± 0.2 at -360 km s −1 ). If HCN (1-0), HCO + (1-0), CO (2-1) and CO (3-2) trace the same gas, we can not explain such difference. One possible explanation is a two-phase gas in the outflow; i.e., dense clumps are traced by HCN (1-0) and HCO + (1-0) and diffuse gas are traced by CO lines. We show the schematic view for the blue-shifted part of southern outflow in Figure 7 . In such a case, it is possible that the gas with the largest velocity offset is efficiently compressed into dense gas clumps while diffuse gas outflow is outspread. This may explain the reason why the error bars in Bayessian estimation for the T kin and n H2 are large, as we assumed that the gas in the outflow consists of a single phase.
Numerical simulations suggest that multi-phase outflows occur due to the jet and ISM interaction (e.g., Zubovas & King 2014; Costa et al. 2015; Ferrara & Scannapieco 2016 ). This scenario is also supported by the detection of near-IR H 2 emission lines that trace gas heated by X-ray or shock in the southern outflow (Emonts et al. 2014 ) and a collimated structure detected by the VLA (Neff et al. 2003 ) whose spatial distribution is consistent with the outflow detected in CO (Sakamoto et al. 2014) and dense gas tracers.
The characteristics of the southern outflow is similar to the strong radio jet seen in IC 5063 and M51. IC 5063 (Morganti et al. 2013; Tadhunter et al. 2014 ; Figure 6 .
The relation between absolute value of velocity offset and the line ratios; (a)R 21/10 , (b)R 32/10 , (c)R HCN/CO , (d)R HCO + /CO , and (e)R HCN/HCO + . The blue shifted components (blue) are for South-OF-Blue, and red shifted components (red) are for OF-Red. At South-OF-Blue, low-J CO ratio decreases towards the largest velocity offset, on the other hand, dense gas fraction increases. This difference is probably due to two-phase ISM in the outflow. In addition, R HCN/HCO + increases towards the largest velocity offset, and one possible explanation is that shock is dominant in the outflow. Dasyra et al. 2015; Morganti et al. 2015; Dasyra et al. 2016 ) is a massive radio loud elliptical galaxy hosting a Seyfert 2 nucleus. Tadhunter et al. (2014) suggest that the radio jet expansion drives the fast shock into the ISM from the observation of near-IR H 2 lines. In addition, the CO (4-3) / CO (2-1) in IC 5063 is over unity (in brightness temperature unit) at the gas associated with wind while the total CO (4-3) / CO (2-1) is ∼ 0.4 (Dasyra et al. 2016 ). This suggests high excitation condition in the jet driven outflows assuming optically thick gas. In the case of M51, the outflow associated with the AGN jet shows large R HCN/CO > 1 from a map obtained at ∼ 34 pc resolution at the Submillimeter Array (SMA) (Matsushita et al. 2015) . They suggest that the HCN is enhanced in shocks. If the dense gas is only associated with the shock front of the jet-ISM interaction in NGC 3256, the beam filling factor of HCN can be smaller than CO. In such case, if the outflow is ob- Figure 7 . A schematic view of expected feature of the blueshifted components of southern outflow in NGC 3256 (South-OF-Blue). There are clumpy and diffuse gas outflow. The gas with the largest velocity offset is efficiently compressed into dense gas clumps due to a jet-ISM interaction. Such clumps possibly lead future star formation.
served at 30 pc resolution in HCN, the dense gas fraction possibly increases (> 1) at the edge of the outflow.
The characteristics of the southern outflow are different from the outflow seen in Mrk 231, which has a molecular outflow associated with AGN. In Mrk 231, broad wings have lower excitation condition than the core (R 21/10 ∼ 0.8 in the core but < 0.8 in the outflow) (Cicone et al. 2012) . In order to explain the lower excitation conditions in the outflow in Mrk 231, Cicone et al. (2012) suggest acceleration by radiation pressure on the dust in molecular clouds (Fabian et al. 2009 ) without the interaction of a radiation pressure driven jet with the ISM of the host galaxy. In addition, R HCN/CO in the outflow of Mrk 231 is higher (∼ 0.6) (Aalto et al. 2012) than the same quantity found in NGC 3256, although the reason is not clear. The major difference between NGC 3256S and Mrk 231 is that NGC 3256S is not in a QSO phase as in Mrk 231, but it is a low luminosity AGN.
In summary our observations suggest that the southern molecular outflow has higher excitation condition and larger dense gas fraction than in the southern nucleus. In addition, the southern molecular outflow is possibly represented by two-phases (dense clumps traced by HCN and HCO + and diffuse components traced by low-J CO). According to numerical simulations by Ferrara & Scannapieco (2016) , dense gas clumps represent only a transient phase (< 30 Myr) during the outflow evolution. The next question is whether such dense clumps lead to star formation. Numerical simulations show that jet-ISM interaction can lead to the formation of new massive stars (e.g., Dugan et al. 2014; Wagner et al. 2016 (Maiolino et al. 2017 ) and the hydrogen recombination lines seen in sub/millimeter wavelength (e.g., H42α).
North-OF-Blue
Dense gas outflow traced in HCN (1-0) and HCO + (1-0) is not detected at North-OF-Blue. Our observation sensitivity is insufficient to derive a meaningful upper limit, making it difficult to compare the dense gas fraction between the northern nucleus and the outflow. R 32/10 and R 21/10 are lower (R 21/10 = 0.5 ± 0.1, R 32/10 < 0.1) at North-OF-Blue (dotted blue line in Figure 5 (D) ) than the North-Nucleus (R 21/10 = 1.0 ± 0.1, R 32/10 = 0.9±0.1) (solid line in Figure 5 (D) ). Assuming that all CO lines are optically thick at North-Nucleus, a possible explanation is that the outflow has lower or similar excitation condition compared to the northern nucleus. This trend is similar to the starburst galaxy M82 that has R 32/10 = 1.1 ± 0.2 around the nucleus and 0.4 ± 0.2 in the outflow (Weiß et al. 2005) . Both the lower excitation and the smaller or similar dense gas fraction seen at the northern outflow in NGC 3256 suggest that the gas is expelled from the nucleus with little interaction between the outflow and the ISM.
Alternatively, the V-like shape in the moment 0 map of the blue-shifted CO (2-1) component around NorthNucleus and North-OF-Blue (Figure 3) suggests that it may arise from two different outflows, since the directions of the CO (1-0) and CO (3-2) outflow are different and faint CO (3-2) is detected around North-OF-Blue (Figure 3) . Such V-like shape outflow is reported at different scales: e.g., AGN jet in Circinus (Marconi et al. 1994 ) and outflow cavity from low mass protostars (Zhang et al. 2016) . Further high resolution and sensitivity CO observations are necessary to test this idea.
OF-Red
Dense gas outflow traced in HCN (1-0) and HCO + (1-0) is detected at OF-Red (Figures 1-3) . At OF-Red, both the southern and northern outflow can contribute to the red-shifted extreme gas components. For CO observations, we assume 54% and 46% of the red-shifted components arise from the southern and northern nucleus, respectively (Sakamoto et al. 2014) . On the other hand, since the dense gas tracers are not detected at North-OF-Blue, we assume that 100% of the red-shifted components arise from the southern nucleus in the case of HCN and HCO + . This indicates that the outflow emanating from the southern nucleus is denser than the northern outflow (Figure 3) . We find that the dense gas fraction at OF-Red is a factor of a few smaller than at a South-OF-Blue at given absolute velocity offset ( Figure  6 ). If we assume 54% of the CO red-shifted components arise from the southern outflow, then the dense gas fraction increases by a factor of two. In such case, a symmetric bi-polar southern outflow between red-and blue-shifted components can be explained in terms of the dense gas fraction. Furthermore, dense gas fractions increase at the largest velocity offset (Figure 6 ). For example, R HCN/CO is 0.08 ± 0.01 at +240 km s −1 and 0.20 ± 0.04 at +360 km s −1 . This trend is also seen at South-OF-Blue and suggests that the gas is efficiently compressed into dense clumps with the largest velocity offset.
Shock in the outflow
We showed that the HCN and HCO + outflow detected in South-OF-Blue can be tracing dense clumps that are formed due to the jet-ISM interaction. This possibly suggests the existence of shocks (Goldsmith & Pittard 2017) , as suggested by Emonts et al. (2014) who show the possibility for the shock heated outflow from their near-IR H 2 observation. We investigate the difference between HCN (1-0) and HCO + (1-0) outflows in terms of chemistry in the outflow in this section.
Shocks reduce the abundance of HCO + while leaving the HCN abundance unperturbed (Iglesias & Silk 1978; Elitzur 1983; Mitchell & Deveau 1983; Harada et al. 2015) . Strong UV radiation produced at the shock front can photo-dissociate CO, and make C available for further reaction networks leading to HCN formation (Neufeld & Dalgarno 1989) . In the case of protostellar outflow, Burkhardt et al. (2016) show that the HCN and shocked gas tracers (e.g., CH 3 OH, HNCO) can be seen at the edge of the outflow but HCO + is not. Papadopoulos (2007) suggest that the HCO + abundance can be reduced in the star forming and highly turbulent molecular gas found in LIRGs (Shocks are expected to be frequent in the highly supersonic turbulent molecular gas.). In addition, PdBI observations towards Mrk 231 suggest that the HCN/HCO + ratio is enhanced in the outflow (Lindberg et al. 2016 ). In the case of NGC 3256, R HCN/HCO + increases towards the largest velocity offset, i.e., R HCN/HCO + is 0.34 ± 0.06 at -240 km s −1 and 1.27±0.20 at -360 km s −1 at South-OFBlue. On the other hand, there is no clear enhancement of R HCN/HCO + towards the largest velocity offset at OFRed in contrast to South-OF-Blue. This is possibly due to the orientation of the two galaxies, i.e., a coexistence of the ISM belonging to the NGC 3256N and NGC 3256S toward the direction of OF-Red. This means that enhancements of R HCN/HCO + can be seen over the entire extreme velocity components (from low to high velocity) at OF-Red. We note that the red-shifted HNC wing is also detected at OF-Red (Harada et al. 2018) , and HNC emission is expected in shock and/or dense warm gas (e.g., Aalto et al. 2002) .
It is difficult to explain the origin of the large HCN/HCO + ratio seen in the outflows by shocks alone. For example, Ziurys et al. (1989) and Mitchell & Deveau (1983) predict an increase in the HCO + abundance behind a shock front in a diffuse cloud (∼ 3 × 10 4 cm −3 ) through reaction of C + and O. The HCN and HCO + line emission alone are insufficient to draw a conclusion and observations of shocked gas tracers (e.g., CH 3 OH, SiO, HNCO) in the outflow offer additional clues. We simultaneously observed these molecules in the same data set presented here. The flux is more than 10 times lower than HCN (1-0) and HCO + (1-0), and the sensitivity was not enough to detect the extreme velocity components of these lines. Harada et al. (2018) suggest the shock enhancement in the outflow based on the spatial distribution of these shock gas tracers. Another way to identify the enhancement of shocks is to search for H 2 O line in the outflow since H 2 O is the most abundant molecule in the grain mantle (Yamamoto 1985) and H 2 O abundance is enhanced if the grain mantels are progressively eroded by shock (Flower & Pineau Des Forêts 2010) . In addition, Hershel observations show that the brightness of H 2 O is comparable to high-J CO (Yang et al. 2013; Falstad et al. 2015 ). Recent ALMA detections of H 2 O lines (König et al. 2017; Pereira-Santaella et al. 2017) in LIRGs are promising, and future high resolution and sensitivity H 2 O observations are the keys to investigate the shocks in extragalactic outflows.
SUMMARY
We present ALMA Cycle 3 observations of HCN (1-0), HCO + (1-0), and CO (2-1) in NGC 3256. We have detected the extreme velocity components showing outflow in all lines. By comparing these data with the CO (1-0) and CO (3-2) ALMA Cycle 0 data, we measure line fluxes for the northern nucleus (North-Nucleus), the southern nucleus (South-Nucleus), the northern blueshifted gas (North-OF-Blue), the southern blue-shifted gas (South-OF-Blue), and red-shifted gas (OF-Red). We investigate the line ratios (R HCN/CO , R HCO + /CO , R 21/10 , and R 32/10 ) for each position. In addition we conduct RADEX modeling for South-Nucleus and South-OF-Blue. Our findings are as follow,
(1) For the northern outflow, which is presumably triggered by starbursts, HCN (1-0) and HCO + (1-0) are not detected at North-OF-Blue. R 21/10 and R 32/10 ratio are comparable between the outflow and the nucleus. One possible explanation is that the gas is expelled from the starburst region without experiencing large physical or chemical changes.
(2) For the southern outflow emanating from the lowluminosity AGN in the southern nucleus, HCN (1-0) and HCO + (1-0) are detected. Both the dense gas fraction and R 32/10 ratios are larger in the outflow than in the nucleus. This suggests that the molecular outflow is warm, and gas becomes denser in the outflow.
(3) By investigating line ratios for each velocity component in the southern blue-shifted outflow (at South-OF-Blue), we find that the dense gas fraction increases and R 32/10 decreases towards the largest velocity offset. This suggests the existence of a two-phase (diffuse and clumpy) outflow. One possible scenario to produce such a two-phase outflow is a jet-ISM interaction, which may trigger the shock and/or star formation in the outflow.
(4) Shock is possibly enhanced in the outflow due to a jet-ISM interaction. However, we need additional multi-molecule detections in the outflow to investigate chemical properties inside the outflow. ′′ 85. The black contours are at nσ(n = 3, 9, 27, 81 and σ = 9 mJy beam −1 ). The stars, circles, and a triangle are corresponding to the coordinates shown in Table 1 . 
